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(54) ELECTROLUMINESCENT DISPLAY 

(57) There is disclosed an electroluminescent (EL) 
device accomplishing improved visual performance. 
The device has a transparent substrate on which a 
transparent electrode layer is formed. The transparent 
electrode layer is partitioned into segments to represent 
desired shapes in terms of pixels by selective emission 
of the segments. Parts of the transparent electrode 
layer are brought out toward the outer periphery of the 
transparent substrate to form terminals. Display elec- 
trodes, the terminals, and conductive interconnects that 
are different in function are formed from the transparent 
electrode layer. The conductive interconnects connect 
the display electrodes with the terminals. Other termi- 



nals for connection with a back electrode are also 
formed from the transparent electrode layer. An auxil- 
iary electrode layer having a resistivity smaller than that 
of the transparent electrode layer is formed on the trans- 
parent electrode layer. An intermetiate dielectric layer is 
formed over the transparent electrode layer except for 
locations where the cfisplay electrodes and the first- 
mentioned terminals are present An emissive layer is 
formed on the display electrodes and on the dielectric 
layer. The back electrode is formed over the emissive 
layer and located opposite to the display electrodes. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to an electrolu- 
minescent (EL) device comprising a transparent elec- 
trode layer made of a transparent conductive material 
having display electrodes in the form of segments that 
are selectively activated to represent desired charac- 
ters, a back electrode located opposite to the transpar- 
ent electrode layer, and an emissive layer, or phosphor 
layer, sandwiched between the transparent electrode 
layer and the back electrode. 

2. Description of the Related Art 

[0002] A so-called thin-film electroluminescent 
(TFEL) display is disclosed in Japanese Patent No. 
2758785. That is, this display is fabricated by stacking a 
transparent electrode layer, an intermediate layer, an 
emissive layer (phosphor layer), and a back electrode 
located opposite at least to the transparent electrode 
layer on a transparent substrate. The transparent elec- 
trode layer forms display electrodes and conductive 
interconnects that are different in function. The interme- 
diate layer is made of a dielectric material. The dielectric 
layer is made of a dielectric layer. A so-called organic 
electroluminescent (EL) device is disclosed, for exam- 
ple, in Japanese Patent Publication No. 32307/1994. 
This organic EL device is fabricated by stacking an 
anode, at least one organic layer, and a cathode of a 
metal conductive material on a transparent substrate. 
The organic layer consists either of an organic emissive 
layer or of a multilayer structure of organic layers such 
as a hole injection layer and, if necessary, a hole trans- 
port layer is added. 

[0003] In such an electroluminescent (EL) device, 
an AC voltage of hundreds of volts is applied between a 
transparent electrode layer and a back electrode to 
excite a fluorescent material that is in the emission cent- 
ers of the emissive layer. On returning to the ground 
state, the excited fluorescent material emits light. 
[0004] The aforementioned transparent electrode 
layer is made of a transparent conductive material such 
as indium-tin oxide (ITO) that transmits light emitted 
from the emissive layer. The transparent electrode layer 
is partitioned into segments to represent desired 
shapes in terms of pixels by selective emission of the 
segments. Conductive interconnects are positioned 
from terminals to display electrodes. These conductive 
interconnects have resistances of tens of O/b. Voltage 
drops occur across these conductive interconnects. If 
the conductive interconnects have different lengths, the 
voltage applied to each pixel becomes nonuniform, pro- 
ducing nonuniform emission. This impairs the display 
quality. 



[0005] The back electrode descrtoed above is made 
of a conductive metal material such as aluminum that 
has a low resistivity and can be easily shaped into a 
film. Because of the film formation described above, the 
5 surface of the back electrode assumes a mirror-like 
state. Consequently, the surrounding scene may be 
seen by reflection off the back electrode. Again, this 
impairs the display quality. 

[0006] In the aforementioned organic EL device, a 
10 DC voltage of several volts to tens of volts is applied 
between the anode and the cathode to cause the 
organic layer to emit light The organic EL device has 
the advantage that it can be driven at a lower driving 
voltage than other kinds of EL devices. 
is [0007] The cathode of this organic EL device is 
made of a conductive metal material such as aluminum 
that has a low resistivity and can be easily shaped into 
a film. Because of the film formation described above, 
the surface of the cathode takes on a mirror-like state 
20 and the surrounding scene might be seen by reflection 
off the cathode. This deteriorates the display quality. 



SUMMARY OF THE 



25 [0008] It is an object of the present invention to pro- 
vide an EL device free of the foregoing problems. ' 
[0009] This object is achieved by an electrolumines- 
cent (EL) device comprising a transparent substrate (1), 
a transparent electrode layer (2) formed on the sub- 

30 strate (1) and forming display electrodes (21) and con- 
ductive interconnects (23) that differ in function, at least 
one intermediate layer (4) made of a dielectric material 
formed on the transparent electrode layer (2), an emis- 
sive layer (5) formed on the intermediate layer (4), and 

35 a back electrode (6) formed on the emissive layer (5). 
The back electrode (6) is located opposite to the display 
electrodes (21). Auxiliary electrodes (3) made of a con- 
ductive metal material having a resistivity smaller than 
that of the material of the transparent electrode layer (2) 

40 are formed on the conductive interconnects (23). 

[001 0] Because the auxiliary electrodes (3) made of 
a conductive metal material having a resistivity smaller 
than that of the conductive interconnects (23) are 
formed on the conductive electrodes (23), voltage drops 

45 across the conductive interconnects (23) located 
between the terminals (22) and the display electrodes 
(21) are suppressed. 

[001 1 ] In one feature of the invention, the back elec- 
trode (6) and the auxiliary electrodes (3) are made of 

so the same material (e g., Cr or AI). This suppresses the 
aforementioned undesirable phenomenon, i.e., the aux- 
iliary electrodes (3) are seen to float over the back elec- 
trode (6) when the EL device is viewed. 
[001 2] The above-described object is also achieved 

55 by an electroluminescent (EL) device fabricated by 
forming a transparent electrode layer (2) over the whole 
surface of a transparent substrate (1), forming an auxil- 
iary electrode layer (3) over the whole surface of the 
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transparent electrode layer (2) t patterning the transpar- 
ent electrode layer (2) and the auxiliary electrode layer 
(3) by etching to form display electrodes (21) and con- 
ductive interconnects (23) that differ in function, etching 
away the portions of auxiliary electrode layer (3) overly- 5 
ing the display electrodes (21 ), and then forming at least 
an emissive layer (5) and a back electrode (6) in turn on 
the remaining laminate. 

[0013] This fabrication process provides an excel- 
lent etch selectivity and is straightforward. Voltage 10 
drops across the conductive interconnects (23) extend- 
ing from the terminals (22) to the display electrodes (21) 
can be suppressed. 

[0014] An electroluminescent (EL) device is also 
fabricated in accordance with the teachings of the is 
invention by forming a transparent electrode layer (2) 
over the whole surface of a transparent substrate (1), 
forming a masking layer (31) of Cr over the whole sur- 
face of the transparent electrode layer (2), patterning 
the transparent electrode layer (2) and the masking 20 
layer (31) by etching to form display electrodes (21) pro- 
tected by the masking layer (31), depositing aluminum 
(AO on the display electrodes (21) to form conductive 
interconnects (23), removing the masking layer (31) on 
the display electrodes (21) differing in function from the 25 
display electrodes (21), and then forming at least an 
emissive layer (5) and a back electrode (6) of Al in turn. 
As a result, the undesired phenomenon, i.e., the auxil- 
iary electrodes (3) are seen to float over the back elec- 
trode (6) when the EL device is viewed, is suppressed. 30 
[0015] The present invention also provides an elec- 
troluminescent (EL) device comprising a transparent 
substrate (1), a transparent electrode layer (2) formed 
on the transparent substrate (1) and forming display 
electrodes (21) and conductive interconnects (23) that 35 
differ in function, a back electrode (6) formed opposite 
to the transparent electrode layer (2), an emissive layer 
(5) formed between the back electrode (6) and the 
transparent electrode layer (2), and terminals (22) 
formed by portions of the conductive interconnects (23) 40 
brought out toward the outer periphery of the transpar- 
ent substrate (1). An auxiliary electrode layer (3) is 
formed on the transparent electrode layer (2) excluding 
the locations where the display electrodes (21) are 
toned so as to cover the whole surface of the transpar- 45 
ent substrate (1) at least except for the locations where 
the display electrodes (21) are present 
[0016] When this EL device is viewed, the color of 
the auxiliary electrode layer (3) is imparted to all the 
portions excluding the display electrodes (21). There- so 
fore, it is unlikely that the display electrodes (21), the 
conductive interconnects (23), and the other portions 
are seen to exhibit three different colors, respectively. 
[001 7] The present invention also provides an elec- 
troluminescent (EL) device comprising a transparent ss 
substrate (1), a transparent electrode layer (2) formed 
on the transparent substrate (1) and forming display 
electrodes (21) and conductive interconnects (23) that 



differ in function, a back electrode (6) formed opposite 
to the transparent electrode layer (2), an emissive layer 
(5) formed between the back electrode (6) and the 
transparent electrode layer (2), and terminals (22) 
formed by portions of the conductive interconnects (23) 
brought out toward the outer periphery of the transpar- 
ent substrate (1). An auxiliary electrode layer (3) is 
formed on the transparent electrode layer (2) excluding 
locations where the display electrodes (21) are present. 
An intermediate layer (4) is interposed between the 
transparent electrode layer (2) or the auxiliary electrode 
layer (3) and the emissive layer (5). The intermediate 
layer (4) is made of a material having a color that has 
excellent ability to block light such as black. The inter- 
mediate layer (4) covers the whole surface of the trans- 
parent electrode layer (2) except for locations where the 
display electrodes (21) and the terminals (22) are 
present. When this EL device is viewed, the color of the 
auxiliary electrode layer (3) is imparted to all the por- 
tions excluding the display electrodes (21). Therefore, it 
is unlikely that the display electrodes (21), the conduc- 
tive interconnects (23), and the other portions are seen 
to exhibit three different colors, respectively. 
[0018] Furthermore, the present invention provides 
an electroluminescent (EL) device (100) comprising a 
transparent substrate (200), an anode (300) made of a 
transparent conductive material and formed on the sub- 
strate (200), at least one organic layer (400) formed on 
the anode (300), and a cathode (500) made of a con- 
ductive material and formed on the anode (300). The 
material of the cathode (500) has a low optical reflect- 
ance. A thin-film layer (600) is interposed between the 
cathode (500) and the organic layer (400) to promote 
electron injection from the cathode (500) into the 
organic layer (400). Consequently, the aforementioned 
undesired phenomenon, La, the surrounding scene is 
seen by reflection off the cathode (500) when the EL 
device (100) is viewed, can be suppressed; otherwise, 
the display quality would be impaired. 
[0019] In one feature of the structure described 
above, the cathode (500) is made of carbon (C). In this 
case, it is relatively easy to form the film of the cathode 
(500). The process step for fabricating the cathode 
(500) is not complicated. 

[0020] In another feature of the structure described 
above, the thin-fDm layer (600) is made of an electron 
transfer compound or an electron transfer material 
doped with a metal material having a low work function. 
As a consequence, the process step for forming the 
thin-film layer (600) is not complicated. 
[0021 ] In addition, the present invention provides an 
electroluminescent (EL) device (100) comprising a 
transparent substrate (200), an anode (300) made of a 
transparent conductive material and formed on the sub- 
strate (200), at least one organic layer (400) formed on 
the anode (300), and a cathode (500) made of a con- 
ductive material and formed on the organic layer (400). 
The cathode (500) is made of a material having a low 
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optical reflectance. An electron transport layer (610) 
made of an electron transport material and an electron 
injection layer (620) are stacked from the side of the 
organic layer (400) between the cathode (500) and the 
organic layer (400). The electron injection layer (620) is 
made of an electron transfer compound or an electron 
transport material doped with a metal material having a 
low work function. Consequently, the aforementioned 
undesired phenomenon, La, the surrounding scene is 
seen by reflection off the cathode (500) when the EL 
device (100) is viewed, can be suppressed; otherwise, 
the display quality would be impaired. 
[0022] In one feature of the structure described 
above, the cathode (500) is made of carbon (C). In this 
case, it is relatively easy to form the f flm of the cathode 
(500). The process step for fabricating the cathode 
(500) is not complicated. 

[0023] Other objects and features of the invention 
will appear in the course of the description thereof, 
which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a cross-sectional view of main portions of 
an electroluminescent (EL) device in accordance 
with a first embodiment of the present invention; 
Fig. 2 is a plan view of the main portions of the EL 
device shown in Fig. 1; 

Figs. 3(A)-3(D) are cross-sectional views illustrating 
a process sequence for fabricating the EL device 
shown in Figs. 1 and 2; 

Figs. 4(A)-4(G) are cross-sectional views illustrat- 
ing a process sequence for fabricating an EL device 
in accordance with a second embodiment of the 
invention; 

Fig. 5 is a cross-sectional view of main portions of 
an EL device in accordance with a third embodi- 
ment of the invention; 

Fig. 6 is a plan view of main portions of an EL 
device in accordance with a fourth embodiment of 
the invention; 

Fig. 7 is a cross-sectional view of main portions of 
an EL device in accordance with a fifth embodiment 
of the invention; and 

Fig. 8 is a cross-sectional view of main portions of 
an EL device in accordance with a sixth embodi- 
ment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0025] The preferred embodiments of the present 
invention are hereinafter described with reference to the 
accompanying drawings. Figs. 1-6 pertain to electrolu- 
minescent (EL) devices. 

[0026] Referring to Figs. 1-3. there is shown an 



electroluminescent (EL) device in accordance with a 
first embodiment of the present invention. This device 
has a transparent substrate 1 made of a degreased 
soda glass or the like. A transparent electrode layer 2 is 
5 formed on the substrate 1 and made of a transparent 
conductive material such as ITO. The electrode layer 2 
has display electrodes 21 forming segments to repre- 
sent desired shapes by selective emission of the seg- 
ments. Furthermore, the electrode layer 2 has terminals 
w 22 brought out toward the outer periphery of the trans- 
parent substrate 1 and conductive interconnects 23 for 
connecting the display electrodes 21 with the terminals 
22. Hence, the electrode layer 2 is separated into the 
display electrodes 21. terminals 22. and conductive 
75 interconnects 23 that differ in function. Furthermore, the 
transparent electrode layer 2 has terminals 24 for a 
back electrode (described later). An auxiliary electrode 
layer 3 made of a conductive metal material such as 
chromium having a resistivity smaller than that of the 

20 transparent electrode layer 2 is formed on the conduc- 
tive interconnects 23. An intermediate dielectric layer 4 
is made of a dielectric material such as alumina or sili- 
con nitride and formed on the transparent electrode 
layer 2 excluding the portions where the display elec- 
ts trades 21 and the terminals 22 are formed. An emissive 
layer 5 is formed on the display electrodes 21 and on 
the dielectric layer 4 and made of zinc sulfide containing 
an emissive material that is manganese acting as emis- 
sion centers. The aforementioned back electrode, indi- 

30 cated by numeral 6, is formed on the emissive layer 5 
and located opposite to the display electrodes 21 . The 
back electrode 6 is made of a conductive metal material 
such as aluminum (Al). Parts of the back electrode 6 are 
also brought out to the surroundings of the transparent 

35 substrate 1 and connected with the terminals 24 simi- 
larly to the transparent electrode layer 2. 
[0027] rf parts of the back electrode 6 are brought 
out directly to the surroundings of the transparent sub- 
strate 1 and connected with a power supply, the termi- 

40 nals 24 can be omitted. 

[0028] The laminate beginning with the transparent 
electrode layer 2 and ending with the back electrode 6 is 
formed by stacking layers successively by evaporation, 
sputtering, or other appropriate method. 

4S [0029] A layer 7 is made of a sealant material simi- 
lar to the material of the transparent substrate 1 and 
adhesively bonded to the substrate 1 . The sealant layer 
7 is centrally provided with a recess to receive a liquid 8 
for protecting the insulation. This liquid 8 for protecting 

so the insulation is injected into the recess by previously 
injecting the liquid into the recess in the layer of the 
sealant material 7 using a dispenser or other tool, then 
aligning the transparent substrate 1 on which the layers 
2-6 have been stacked to the sealant layer 7 carrying 

55 adhesive 9, and bonding the substrate 1 to the layer 7. 
Alternatively, the sealant layer 7 carrying adhesive is 
aligned to the transparent substrate 1 having the layers 
2-6 thereon, bonded to the substrate 1 , and then the liq- 
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uid 8 for protecting the insulation is injected into the 
recess from an injection port 10 formed in the sealant 
layer 7. 

[0030] In this EL device, since the auxiliary elec- 
trode layer 3 made of a conductive material such as Cr s 
having a resistivity smaller than that of the conductive 
interconnects 23 is formed on the conductive intercon- 
nects 23, voltage drops across the conductive intercon- 
nects 23 located between the terminals 22 and the 
display electrodes 21 are suppressed. Therefore, nonu- w 
n'rfbrmlty of emission that would otherwise be caused by 
variations in length among the conductive interconnects 
23 is reduced. This improves the esthetical appearance 
of the device. 

[0031] Figs. 3(A)-3(D) illustrate a method of fabri- is 
eating the EL dance described above where the auxil- 
iary electrode layer 3 is made of Cr. First, as shown in 
Fig. 3(A), the transparent electrode layer 2 of ITO is 
formed over the whole surface of the transparent sub- 
strate 1. Then, the auxiliary electrode layer 3 of Cr is 20 
formed over the whole surface of the transparent elec- 
trode layer 2. Then, as shown in Fig. 3(B), the transpar- 
ent electrode layer 2 of ITO and the auxiliary electrode 
layer 3 of C are patterned by etching to form the display 
electrodes 21, the terminals 22, the conductive inter- 25 
connects 23, and the terminals 24, using the auxiliary 
electrode layer 3 as a masking material. Subsequently, 
as shown in Fig. 3(C), portions of the auxiliary electrode 
layer 3 of Cr that cover the display electrodes 21 are 
removed. Finally, as shown in Fig. 3(D), the necessary 30 
layers are deposited in succession, and finally the back 
electrode 6 is formed from Al. 
[0032] Because the auxiliary electrode layer 3 
made of Cr is used as described above, the following 
process sequence is enabled. The transparent sub- 35 
strata 1, the transparent electrode layer 2, and the aux- 
iliary electrode layer 3 are formed in succession. The 
transparent electrode layer 2 is patterned to form the 
display electrodes 21, the terminals 22, the conductive 
interconnects 23, and the terminals 24. Then, only the 40 
portions of the auxiliary electrode layer 3 that cover the 
display electrodes 21 can be removed. Hence, high etch 
selectivity is obtained. The process sequence can be 
simplified. Since the voltage drops across the conduc- 
tive interconnects located between the terminals 22 and 45 
the display electrodes 21 can be suppressed, nonuni- 
formrty of emission which would otherwise be caused by 
variations in length among the conductive interconnects 
23 is reduced. Hence, the display quality can be 
improved. so 
[0033] If the back electrode 6 and the auxiliary elec- 
trodes 3 are made of the same material such as Cr, the 
aforementioned drawback, i.e.. the auxiliary electrodes 
3 are seen to float over the back electrode 6 when the 
EL device is viewed, can be circumvented. This is favo- ss 
rable from an esthetical point of view. 
[0034] A method of fabricating an EL device built in 
accordance with a second embodiment of the present 



invention is illustrated in Figs. 4(A)-4(G). This EL device 
is similar to the EL device described previously except 
that the back electrode 6 and the auxiliary electrodes 3 
are made of the same material such as Al. First, as 
shown in Fig. 4(A), a transparent electrode layer 2 of 
ITO is formed over the whole surface of a transparent 
substrate 1 . A masking layer 31 of Cr is formed over the 
whole surface of the transparent electrode layer 2. 
Then, as shown in Fig. 4(B), the transparent electrode 
layer 2 and the masking layer 31 are patterned by etch- 
ing to form display electrodes 21 . Thereafter, as shown 
in Fig. 4(C). an auxiliary electrode layer 3 of Al that will 
become terminals 22. conductive interconnects 23, and 
terminals 24 is formed on the remaining laminate. Then, 
as shown in Fig. 4(D), the Al auxiliary electrode layer 3 
is etched away except for the locations where the dis- 
play electrodes 21 are present. The masking layer 31 
that protects the display electrodes 21 is removed (Fig. 
4(E)). The auxiliary electrode layer 3 is patterned into a 
desired shape (Fg. 4(F)). Necessary layers are succes- 
sively formed on the laminate. Finally, a back electrode 
6 is formed from Al (Fig. 4(G)). Consequently, the afore- 
mentioned drawback, i.e., the auxiliary electrodes 3 are 
seen to float over the back electrode 6 when the EL 
derice is viewed, can be circumvented. This is favorable 
from an esthetical point of view. 
[0035] Referring next to Fig. 5, there is shown an EL 
device in accordance with a third embodiment of the 
invention. This EL device has a transparent substrate 1 
on which a transparent electrode layer 2 is formed. The 
transparent electrode layer 2 is formed into display elec- 
trodes 21. conductive interconnects 23, and terminals 
24 for connection with a back electrode 6. These display 
electrodes 21, conductive interconnects 23, and termi- 
nals 24 differ in function. The back electrode 6 is formed 
opposite to the transparent electrode layer 2. An emis- 
sive layer 5 is formed between the back electrode 6 and 
the transparent electrode layer 2. The conductive inter- 
connects 23 are brought out to the surroundings to the 
transparent substrate 1 to form terminals 22. An auxil- 
iary electrode layer 3 is formed over the transparent 
electrode layer 2 except for the locations where the dis- 
play electrodes 21 are present The auxiliary electrode 
layer 3 covers the whole surface of the transparent sub- 
strate 1 except for the locations where the display elec- 
trodes 21 exist and (if possible) except for the locations 
where the terminals 22 are formed. An intermediate die- 
lectric layer 4 is interposed between the transparent 
electrode layer 2 or the auxiliary electrode layer 3 and 
the emissive layer 5. 

[0036] In this structure, when the EL device is 
viewed, the color of the auxiliary electrodes 3 is 
imparted to all the portions excluding the locations 
where the display electrodes 21 are present. Therefore, 
it is unlikely that the display electrodes 21 , the conduc- 
tive interconnects 23, and the other portions are seen to 
exhtort three different colors, respectively. This improves 
the visual performance. 
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[0037] Referring next to Fig. 6, there is shown an EL 
device in accordance with a fourth embodiment of the 
present invention. This EL device has a transparent 
substrate 1 and a transparent electrode layer 2 formed 
on the substrate 1 . The transparent electrode layer 2 is 
divided into display electrodes 21 and conductive inter- 
connects 23 that differ in function. A back electrode 6 is 
formed opposite to the transparent electrode layer 2. An 
emissive layer 5 is interposed between the back elec- 
trode 6 and the transparent electrode layer 2. The con- 
ductive interconnects 23 are brought out toward the 
outer periphery of the transparent substrate 1 to form 
terminals 22. An auxiliary electrode layer 3 is formed 
over the transparent electrode layer 2 except for loca- 
tions where the display electrodes 21 are present. An 
intermediate dielectric layer 4 is located between the 
transparent electrode layer 2 or the auxiliary electrode 
layer 3 and the emissive layer 5. The dielectric layer 4 is 
made of a dielectric material having a color that has 
excellent ability to block light such as black. The dielec- 
tric layer 4 covers the whole surface of the transparent 
substrate 1 excluding the locations where the display 
electrodes 21 and the terminals 22 are present. 
[0038] In this structure, the color of the auxiliary 
electrodes 3 is imparted to all the portions excluding the 
locations where the display electrodes 21 are present 
when the EL device is viewed. Therefore, the aforemen- 
tioned drawback, i.a, the display electrodes 21, the 
conductive interconnects 23, and the other portions are 
seen to exhibit three different colors, respectively, can 
be eliminated. This is favorable from an esthetical point 
of view. 

[0039] It is to be noted that the present invention 
pertains to an electroluminescent (EL) device compris- 
ing a transparent electrode layer made of a transparent 
conductive material and forming cfisplay electrodes 
shaped into segments to represent desired shapes by 
selective emission, a back electrode located opposite to 
the transparent electrode layer, and an emissive layer 
sandwiched between the transparent electrode layer 
and the back electrode. In so-called organic EL devices 
as disclosed in the above-cited Japanese Patent Publi- 
cation No 32307/1994 and Japanese Laid-Open No 
264692/1988, the present invention can be practiced in 
the same way as in the first and through fourth embodi- 
ments of the invention already described in connection 
with Figs. 1-6. That is, an anode corresponding to the 
transparent electrode layer in the embodiments 
described above is formed on the transparent substrate. 
The anode is shaped into display electrodes and con- 
ductive interconnects that differ in function. A hole injec- 
tion layer corresponding to the intermediate layer in the 
embodiments described above is formed on the anode. 
An emissive layer is formed on the hole injection layer. 
A cathode corresponding to the back electrode in the 
embodiments described above is formed on the emis- 
sive layer. A DC voltage of tens of volts is applied 
between the anode and the cathode to inject positive 



holes and electrons into the emissive layer. When they 
recombine, energy is produced, causing the emissive 
layer to emit light. That is, the "electroluminescent (EL) 
devices" referred to in the description of the various 
5 embodiments embrace organic EL devices, as well as 
thin f Dm EL devices, 

[0040] Figs. 7 and 8 show organic EL devices in 
accordance with the present invention. Fig. 7 illustrates 
an organic EL device in accordance with a fifth embodi- 

w merit of the invention. This organic EL device is gener- 
ally incficated by reference numeral 100 and has a 
transparent substrate 200 on which an anode 300 made 
of a transparent conductive material and at least one 
organic layer 400 are laminated. The organic layer 400 

75 consists of an organic emissive layer or of a multilayer 
structure made up of organic layers including a hole 
injection layer and, if necessary, a hole transport layer is 
added. 

[0041 ] In this embodiment, a cathode 500 made of 
20 a conductive material having a low optical reflectance is 
formed on the organic layer 400. Preferably, the material 
of the cathode 500 has less of a tendency to reflect the 
surrounding scene to maintain well the cfisplay quality of 
the EL device 100. For example, carbon (C) can be 
25 used as a material providing high contrast In this case, 
the thickness of the film is about 150 nm, and the film is 
formed by evaporation, solution coating, or other appro- 
priate method. Carbon that is the material of the cath- 
ode 500 is easily available, and it is relatively easy to 
30 form carbon into a film. Furthermore, carbon does not 
complicate the process step for forming the cathode 
500. 

[0042] A thin-film layer 600 is formed between the 
organic layer 400 and the cathode 500 to promote elec- 

35 tron injection from the cathode 500 into the organic layer 
400. This thin-film layer 600 contributes to enhance- 
ment of the emission efficiency by accelerating electron 
injection from the cathode 500. One example of the thin- 
film layer 600 is an electron transfer compound (eg., a 

40 compound of aluminum (A!) and lithium (Li)). Another 
example is an electron transport material such as 
A1q3:tris(8-quinolinolate) aluminum (III) doped with a 
metal material having a low work function such as Li. In 
this case, the f Dm thickness is about 1 0 nm. The film can 

45 be formed by evaporation, solution coating, or other 
appropriate method. By making the thin^ilm layer 600 
transparent or semi-transparent, the effect of high con- 
trast owing to the background, dark cathode 500 is 
enhanced. Since the thin^ilm layer 600 is made of an 

so electron transfer compound or an electron transport 
material doped with a metal material having a low work 
function, the layer 600 can be fabricated by the same 
method as used to form the organic layer 400 and the 
cathode 500. The process step for forming the thin-film 

55 layer 600 is not complex. 

[0043] Because of this structure, the aforemen- 
tioned undesired phenomenon, i.e., the surrounding 
scene is seen by reflection off the cathode 500 when the 



6 



11 



EP 1 022 931 A1 



12 



EL device 100 is viewed, can be suppressed. Hence, 
the display quality can be maintained high. 
[0044] Referring next to Fig. 8, there is shown an EL 
device in accordance with a sixth embodiment of the 
invention. This EL device, generally indicated by refer- 
ence numeral 100, has a transparent substrate 200 on 
which plural layers including an anode 300 and at least 
one organic layer 400 are formed. The anode 300 is 
made of a transparent conductive material. The organic 
layer 400 consists of an organic emissive layer or of a 
multilayer structure comprising organic layers including 
a hole injection layer and. if necessary, a hole transport 
layer is added. A cathode 500 made of a conductive 
material having a low optical reflectance is formed on 
the organic layer 400. Preferably, the material of the 
cathode 500 has less of a tendency to reflect the sur- 
rounding scene to maintain well the display quality of 
the EL device 100. In the same manner as in the fifth 
embodiment, C is deposited to a film thickness of about 
1 50 nm by evaporation, solution coating, or other appro- 
priate method to provide high contrast 
[0045] In this embodiment, a semi-transparent elec- 
tron transport layer 61 0 and a semi-transparent electron 
injection layer 620 are laminated from the side of the 
organic layer 400 between the cathode 500 and the 
organic layer 400. The electron transport layer 610 is 
made of an electron transport material such as Alq3. 
The electron injection layer 620 is made of an electron 
transport material such as AJq3 doped with a metal 
material having a low work function such as Li. These 
electron transport layer 610 and electron injection layer 
620 correspond to the thin-film layer 600 in the fifth 
embodiment. The layers 61 0 and 620 are formed to film 
thicknesses of about 10 nm by evaporation, solution 
coating, or other appropriate method. Because of this 
structure, the aforementioned undesired phenomenon, 
i.e., the surrounding scene is seen by reflection off the 
cathode 500 when the EL device 100 is viewed, can be 
suppressed. Hence, the display quality can be main- 
tained high. 

[0046] As can be understood from the description 
made thus far, the present invention provides an elec- 
troluminescent device having improved display quality. 

Claims 

1 . An electroluminescent device comprising: 

a transparent substrate; 
a transparent electrode layer formed on said 
transparent substrate and forming cfisplay elec- 
trodes and conductive interconnects that differ 
in function; 

at least one intermediate layer formed on said 

transparent electrode layer; 

an emissive layer formed on said intermediate 

layer; 

a back electrode formed on said emissive layer 



and located opposite to said display elec- 
trodes; and 

auxiliary electrodes formed on said conductive 
interconnects and made of a conductive metal 
s material having a resistivity smaller than that of 

said transparent electrode layer. 

2. The electroluminescent device of claim 1, wherein 
said back electrode and said auxiliary electrodes 

10 are made of the same material. 

3. The electroluminescent device of claim 2, wherein 
said back electrode and said auxiliary electrodes 
are made of chromium. 

15 

4. The electroluminescent device of claim 2, wherein 
said back electrode and said auxiliary electrodes 
are made of aluminum. 

20 5. A method of fabricating an electroluminescent 
device, comprising the steps of: 

preparing a transparent substrate; 
forming a transparent electrode layer that will 
25 form display electrodes and conductive inter- 

connects that differ in function such that said 
transparent electrode layer totally covers said 
transparent substrate; 

forming an auxiliary electrode layer from chro- 
30 mium on said transparent electrode layer such 

that said auxiliary electrode layer totally covers 
said transparent electrode layer; 
patterning said transparent electrode layer by 
etching to form said display electrodes and 
35 conductive interconnects; 

removing portions of said auxiliary electrode 
layer overlying said display electrodes; and 
forming an emissive layer and a back electrode 
in turn on a remaining laminate. 

40 

6. A method of fabricating an electroluminescent 
device, comprising the steps of: 

preparing a transparent substrate; 
45 forming a transparent electrode layer on said 

transparent substrate to totally cover said 
transparent electrode layer that will form dis- 
play electrodes; 

forming a masking layer of chromium that will 
so become conductive interconnects over said 

transparent electrode layer to totally cover said 
transparent electrode layer, said conductive 
interconnects being different from said cfisplay 
electrodes in function; 
55 patterning said transparent electrode layer and 

said masking layer by etching to form said dis- 
play electrodes; 

forming an auxiliary electrode layer from alumi- 
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num over said display electrodes to form said 
conductive interconnects; 
etching away said auxiliary electrode layer 
except for locations where said display elec- 
trodes are present; s 
removing said chromium that protects said dis- 
play electrodes; and 

forming an emissive layer and a back electrode 
of aluminum in turn on a remaining laminate. 

10 

7. An electroluminescent device comprising: 

a transparent substrate; 
a transparent electrode layer formed on said 
transparent substrate and forming display elec- is 
trades and conductive interconnects which dif- 
fer in function; 

a back electrode mounted opposite to said 
transparent electrode layer; 
an emissive layer famed between said back 20 
electrode and said transparent electrode layer; 
said conductive interconnects having portions 
brought out toward outer periphery of said 
transparent substrate to form terminals; and 
an auxiliary electrode layer formed to cover 25 
said transparent substrate except for locations 
where said display electrodes are present, said 
auxiliary electrode layer being formed on said 
transparent electrode layer. 

30 

8. An electroluminescent device comprising: 

a transparent substrate; 
a transparent electrode layer formed on said 
transparent substrate and forming display elec- as 
trades and conductive interconnects which dif- 
fer in function; 

a back electrode formed opposite to said trans- 
parent electrode layer; 

an emissive layer formed between said back 40 
electrode and said transparent electrode layer; 
said conductive interconnects having portions 
brought out toward outer periphery of said 
transparent substrate to form terminals; 
an auxiliary electrode layer formed on said 45 
transparent electrode layer except for locations 
where said display electrodes are present; and 
an intermediate layer located between said 
transparent electrode layer or said auxiliary 
electrode layer and said emissive layer, said so 
intermediate layer being made of a material 
having a color that has excellent ability to block 
light such as black, said intermediate layer cov- 
ering said transparent substrate except for 
locations where said display electrodes and 55 
said terminals are present. 

9. An electroluminescent device comprising: 



a transparent substrate; 

an anode formed on said substrate and made 

of a transparent conductive material; 

at least one organic layer formed on said 

anode; 

a cathode formed on said organic layer and 
made of a conductive material having a low 
optical reflectance; and 

a thin-film layer interposed between said cath- 
ode and said organic layer to promote electron 
injection from said cathode into said organic 
layer. 

10. The electroluminescent device of claim 9, wherein 
said cathode is made of carbon. 

11. The electroluminescent device of claim 9, wherein 
said thin-film layer is made of an electron transfer 
compound or an electron transport material doped 
with a metal material having a low work function. 

12. An electroluminescent device comprising: 

a transparent substrate; 

an anode formed on said substrate and made 

of a transparent conductive material; 

at least one organic layer formed on said 

anode; 

a cathode formed on said organic layer and 
made of a conductive material having a low 
optica) reflectance; 

an electron transport layer made of an electron 
transport material and located between said 
cathode and said organic layer and closer to 
said organic layer; and 

an electron injection layer made of an electron 
transfer compound or an electron transfer 
material doped with a metal material having a 
low work function, said electron injection layer 
being located between said cathode and said 
organic layer and closer to said cathode. 

1 3. The electroluminescent device of claim 1 2, wherein 
said cathode is made of carbon. 
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